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ABS TRACT 

The Kennedy Space Center  (KSC) Payload Management and Operat ions 
D i r e c t o r a t e  i s  r e s p o n s i b l e  f o r  t h e  process ing  of Space S h u t t l e  payloads.  KSC 
r e s p o n s i b i l i t i e s  begin p r i o r  t o  hardware a r r i v a l  a t  t h e  launch s i t e  and extend 
u n t i l  t h e  experiments are r e t u r n e d  t o  t h e  i n v e s t i g a t o r s  a f t e r  t h e  f l i g h t .  

KSC involvement w i t h  t h e  i n t e g r a t i o n  and checkout of payloads begins  
w i t h  p a r t i c i p a t i o n  i n  experiment ,  Mission P e c u l i a r  Equipment (MPE), and 
i n t e g r a t e d  payload des ign  reviews. This  involvement a l s o  inc ludes  
p a r t i c i p a t i o n  i n  assembly and t e s t i n g  of f l i g h t  hardware a t  t h e  a p p r o p r i a t e  
d e s i g n  c e n t e r ,  u n i v e r s i t y ,  o r  p r i v a t e  corpora t ion .  Once the hardware a r r i v e s  
a t  t he  launch  s i t e ,  KSC personnel  i n s t a l l  t h e  experiments and MPE onto  a 
carr ier  i n  t h e  Operat ions and Checkout (O&C) bui ld ing .  Following i n t e g r a t i o n ,  
t h e  payload is  f u n c t i o n a l l y  t e s t e d  and then  i n s t a l l e d  i n t o  t h e  o r b i t e r .  A f t e r  
t h e  miss ion ,  t h e  payload i s  removed from t h e  o r b i t e r ,  d e i n t e g r a t e d  i n  t h e  O&C 
b u i l d i n g ,  and t h e  experiments  are turned over  t o  t h e  mission manager. 

One of t h e  many payloads processed a t  KSC c o n s i s t e d  of two space 
c o n s t r u c t i o n  experiments:  t h e  Experimental  Assembly of S t r u c t u r e s  i n  
E x t r a v e h i c u l a r  A c t i v i t y  (EASE) and t h e  Assembly Concept f o r  Cons t ruc t ion  of 
E r e c t a b l e  Space S t r u c t u r e s  (ACCESS). This  paper  addresses  t h e  d e t a i l s  of 
EASE/ACCESS i n t e g r a t i o n ,  t e s t i n g ,  and d e i n t e g r a t i o n  and d i s c u s s e s  how t h i s  
miss ion  can s e r v e  as a guide  f o r  f u t u r e  space c o n s t r u c t i o n  payloads. 

INTRODUCTION 

With t h e  advent of t h e  Space S t a t i o n  era ,  l a r g e  t r u s s  s t r u c t u r e s  i n  space  
w i l l  become t h e  framework f o r  on-orbit  opera t ions .  To develop opt imal  
techniques  f o r  b u i l d i n g  t r u s s  assemblies  i n  zero-gravi ty ,  c o n s t r u c t i o n  
experiments  must be performed. Two space c o n s t r u c t i o n  experiments ,  EASE and 
ACCESS, r e c e n t l y  were flown aboard t h e  Space T r a n s p o r t a t i o n  System (STS). 
Space S h u t t l e  has  c a r r i e d  many s c i e n t i f i c  experiments  i n t o  o r b i t .  The f i n a l  
i n t e g r a t i o n  and v e r i f i c a t i o n  of a l l  S h u t t l e  payloads occurs  a t  t h e  Kennedy 
Space Center  (KSC) i n  F l o r i d a .  

The v a r i o u s  elements t h a t  comprise a payload a r r i v e  a t  t h e  launch s i t e  
from t h e i r  i n d i v i d u a l  d e s i g n  c e n t e r s  and are assembled and v e r i f i e d  a t  KSC. 
A l l  assembly and t e s t i n g  of t h e  components are performed by KSC personnel.  
Each experiment i s  i n s t a l l e d  onto a carr ier ,  such as a Mission P e c u l i a r  
Equipment Suppport S t r u c t u r e  (MPESS) o r  a p a l l e t ,  and then  t e s t e d  t o  v e r i f y  
proper  func t ion .  The e n t i r e  payload is  then  i n s t a l l e d  i n t o  t h e  o r b i t e r  and 
f i n a l  p r e p a r a t i o n s  f o r  launch are completed. A f t e r  t h e  mission,  t h e  payload 
is  r e t u r n e d  t o  KSC f o r  d e i n t e g r a t i o n .  

The 
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STS a c t i v i t i e s  a t  KSC are sepa ra t ed  i n t o  two g e n e r a l  c a t e g o r i e s :  S h u t t l e  
o p e r a t i o n s  and payload ope ra t ions .  The KSC o r g a n i z a t i o n a l  c h a r t  i s  shown 
F igure  1 .  The S h u t t l e  Opera t ions  D i r e c t o r a t e  i s  r e s p o n s i b l e  f o r  t h e  
p rocess ing ,  launching ,  and l and ing  of t h e  S h u t t l e .  This i nc ludes  r e f u r b i s h i n g  
t h e  o r b i t e r  a f t e r  each f l i g h t  and mating i t  t o  t h e  e x t e r n a l  tank  and s o l i d  
rocke t  boos te rs .  
c o n t r a c t o r  and performs t h e  a c t u a l  "hands-on" ope ra t ions .  

i s  r e s p o n s i b l e  f o r  a l l  payload p rocess ing  a t  t h e  launch s i t e ,  i n c l u d i n g  
payloads flown on expendable veh ic l e s .  Within t h i s  d i r e c t o r a t e ,  t h e  STS 
Payload Opera t ions  D i r e c t o r a t e  handles  t h e  p rocess ing  of both h o r i z o n t a l  and 
v e r t i c a l  S h u t t l e  payloads. V e r t i c a l  payloads,  such as t h e  Space Telescope and 
a l l  s a t e l l i t e s ,  are i n s t a l l e d  onto  a carrier i n  t h e  v e r t i c a l  p o s i t i o n .  
H o r i z o n t a l  payloads,  such as Spacelabs and p a r t i a l  payloads,  are i n t e g r a t e d  
on to  a carrier i n  t h e  h o r i z o n t a l  p o s i t i o n .  Hor i zon ta l  payload p rocess ing  i s  
performed by t h e  Spacelab and Experiments Div is ion .  Seve ra l  o t h e r  o f f i c e s ,  
such as t h e  s a f e t y  o f f i c e  and t h e  q u a l i t y  assurance  o f f i c e ,  also provide  
suppor t  f o r  payload i n t e g r a t i o n .  

Lockheed Space Opera t ions  Company i s  t h e  S h u t t l e  p rocess ing  

The KSC Payload Management and Opera t ions  D i r e c t o r a t e ,  on t h e  o t h e r  hand, 
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I n  t h e  Spacelab and Experiments D i v i s i o n ,  NASA engineers  perform hands-on 
work w i t h  f l i g h t  hardware and ground support  equipment. F igure  2 shows t h e  
breakdown of NASA and c o n t r a c t o r  r o l e s  i n  payload processing.  NASA personnel  
are a s s i s t e d  by Boeing Aerospace Operat ions t e c h n i c i a n s .  McDonnell Douglas 
A s t r o n a u t i c s  Corporat ion i s  t h e  payload i n t e r f a c e  t o  t h e  S h u t t l e  o r g a n i z a t i o n  
and is  a l s o  r e s p o n s i b l e  f o r  i n t e g r a t i n g  Spacelab carriers. 

Every h o r i z o n t a l  experiment processed by t h e  Spacelab and Experiments 
Div is ion  i s  ass igned  a NASA mechanical engineer  and a NASA t e s t  conductor. 
These two engineers ,  a long  w i t h  t h e  payload 's  launch s i t e  support  manager, 
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s e r v e  as t h e  primary c o n t a c t s  a t  KSC f o r  t h e  i n v e s t i g a t o r  as shown i n  F igure  
3.  
of t h e  experiment,  p a r t i c i p a t i n g  i n  payload des ign  reviews, i n s t a l l i n g  t h e  
experiment on to  t h e  carr ier ,  and removing t h e  experiment a f t e r  t h e  f l i g h t .  
The tes t  conductor i s  an  eng inee r  who i s  r e s p o n s i b l e  f o r  t e s t i n g  a l l  
experiment i n t e r f a c e s  and f o r  v e r i f y i n g  t h a t  t h e  experiment f u n c t i o n s  
proper ly .  The test conductor i s  a l s o  r e spons ib l e  f o r  any a d d i t i o n a l  tests 
t h a t  may be r e q u i r e d ,  such as experiment c a l i b r a t i o n  o r  p e r i o d i c  
maintenance. The launch s i t e  suppor t  manager s e r v e s  as the  po in t  of con tac t  
f o r  t h e  i n v e s t i g a t o r s  before  t h e  experiment a r r i v e s  a t  KSC. 

Other personnel  w i t h i n  t h e  d i v i s i o n  are ass igned  a d d i t i o n a l  t a s k s  on a 
payload bas i s .  For example, t h e  e lectr ical  and mechanical branches each have 
an  i n d i v i d u a l  who coord ina te s  t h e  r equ i r ed  e f f o r t  from t h a t  o f f i c e  f o r  each 
payload. 
t h e  payload schedule  and t o  coord ina te  t h i s  schedule  wi th  those  of o t h e r  
payloads a l s o  being processed  a t  KSC s imul taneous ly .  
l e v e l  payload requi rements  are m e t ,  a NASA payload manager i s  a l s o  ass igned  t o  
each mission. 

During t h e  ground p rocess ing  of a payload, KSC eng inee r s  work c l o s e l y  
w i t h  t h e  des ign  c e n t e r ,  t h e  i n v e s t i g a t o r s ,  and o r b i t e r  personnel.  For t h e  
EASE/ACCESS miss ion ,  t h e  Marsha l l  Space F l i g h t  Center  w a s  t h e  miss ion  
management agency and w a s  r e s p o n s i b l e  f o r  coord ina t ing  t h e  i n t e g r a t i o n  of t h e  
two experiments on to  t h e  carrier. 
t h e  Massachusse t tes  I n s t i t u t e  of Technology and Langley Research Cen te r ,  

The mechanical eng inee r  i s  r e spons ib l e  f o r  reviewing p re l imina ry  drawings 

I n  a d d i t i o n ,  an  o p e r a t i o n s  eng inee r  is ass igned  t o  develop and t r a c k  

To ensure  t h a t  a l l  t o p  
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r e s p e c t i v e l y .  A s  f o r  a l l  Space S h u t t l e  miss ions ,  t h e  Johnson Space Center  w a s  
t h e  i n t e r f a c e  f o r  o r b i t e r  and crew opera t ions .  

ACTIVITIES PRIOR TO HARDWARE ARRIVAL 

A t  t h e  same t i m e  t h a t  a n  experiment i s  being f i n a l i z e d  a t  i t s  des ign  
c e n t e r ,  t h e  i n v e s t i g a t o r  begins  t o  work wi th  KSC personnel  t o  ensure  t h a t  a l l  
of t h e  experiment requirements  w i l l  be s a t i s f i e d .  One of t h e  most important  
s t e p s  f o r  t h e  i n v e s t i g a t o r  i s  t o  s t a t e  a l l  planned experiment a c t i v i t i e s  i n  
t h e  Ground I n t e g r a t i o n  Requirements Document (GIRD). This  document i s  p r i n t e d  
by t h e  payload mission manager and one G I R D  exis ts  f o r  each payload; t h u s ,  t h e  
requirements  f o r  a l l  experiments  on t h e  same f l i g h t  are included i n  t h e  same 
G I R D .  A l l  payload a c t i v i t i e s  and support  s e r v i c e s  a t  KSC must be reques ted  i n  
t h e  GIRD. This  i n c l u d e s  i n s t a l l a t i o n  of t h e  experiment onto t h e  carr ier ,  
t e s t i n g  of t h e  experiment ,  any requi red  c a l i b r a t i o n ,  and any necessary 
maintenance. I f  any a c t i v i t y  i s  n o t  l i s t e d  i n  t h e  G I R D ,  i t  w i l l  n o t  be 
performed a t  KSC, u n l e s s  i t  r e s u l t s  from a n  unforeseen problem. Therefore ,  
t h e  i n v e s t i g a t o r s  must be c e r t a i n  t h a t  they  have l i s t e d  every planned event  i n  
t h e  GIRD.  

I n  a d d i t i o n  t o  l i s t i n g  t h e  payload requirements ,  t h e  GIRD c o n t a i n s  a 
d e l i v e r a b l e  items l i s t  i d e n t i f y i n g  a l l  payload equipment t o  be d e l i v e r e d  t o  
KSC. This  in format ion  enables  KSC t o  p l a n  f o r  equipment s torage  space OR 

c e n t e r  and t o  keep t r a c k  of a l l  items s t o r e d  a t  KSC. T h e  GIRD also  c o n t a i n s  a 
s e c t i o n  on contingency l a n d i n g  requirements .  The l i s t  of d e l i v e r a b l e  items 
and t h e  contingency landing  requirements  are both  used by KSC t o  develop t h e  
Off -Si te  P lan ,  Annex 21 t o  t h e  NASA/Johnson Space Center  Payload I n t e g r a t i o n  
P lan  (PIP).  The Off-Si te  P l a n  i n c l u d e s  a l l  payload support  equipment t h a t  
needs t o  be shipped t o  a contingency landing  s i t e  i f  t h e  o r b i t e r  does no t  land  
a t  t h e  primary landing  si te.  

K S C ' s  formal response  t o  t h e  GIKD i s  t h e  Launch S i t e  Support  P l a n  (LSSP), 
Annex 8 t o  t h e  PIP. The LSSP a d d r e s s e s  each GIRD requirement w i t h  a KSC 
response  and commitment. KSC may no t  be a b l e  t o  f u l f i l l  some requirements  
based on e x i s t i n g  c a p a b i l i t i e s .  I f  a requirement i s  agreed t o  by KSC, a 
s p e c i f i c  procedure o r  o t h e r  commitment source  w i l l  be i d e n t i f i e d  i n  t h e  
LSSP. By working t o g e t h e r  w i t h  t h e  i n v e s t i g a t o r s  and t h e  mission management 
team on f i n a l i z i n g  t h e  G I R D ,  KSC personnel  are u s u a l l y  a b l e  t o  respond 
a f f i r m a t i v e l y  t o  every requirement i n  t h e  LSSP. This  was t h e  case w i t h  
EASE/ACCESS. I f  KSC i s  unable  t o  meet a s p e c i f i c  requirement ,  t h i s  w i l l  be 
thoroughly d iscussed  w i t h  t h e  i n v e s t i g a t o r  and t h e  mission manager before  t h e  
experiment a r r i v e s  a t  KSC. 

i n v o l v i n g  o r b i t e r  support .  T h i s  document i s  c a l l e d  t h e  Operat ions and 
Maintenance Requirements S p e c i f i c a t i o n s  Document. For space c o n s t r u c t i o n  
payloads,  such as EASEIACCESS, t h e  only  requirement involv ing  o r b i t e r  suppor t  
would probably be a bonding check of t h e  carrier t o  t h e  o r b i t e r .  

o p e r a t i o n s  reviews and i n  i n t e g r a t e d  payload d e s i g n  reviews. Approximately a 
year  b e f o r e  t h e  EASE/ACCESS launch,  KSC p a r t i c i p a t e d  i n  t h e  I n t e g r a t e d  Payload 
F i n a l  Design and Operat ions Review a t  Marshall .  KSC reviewed t h e  d a t a  
package, which included t h e  payload i n t e g r a t i o n  drawings and t h e  payload 
GIRD.  Areas of i n t e r e s t  were accuracy and completeness of hardware 
i n s t a l l a t i o n  d e t a i l s  and requirements .  For e v e r y  incomplete o r  q u e s t i o n a b l e  

I n  a d d i t i o n  t o  t h e  G I R D ,  another  document exis ts  which l i s t s  requirements  

P r i o r  t o  f l i g h t  hardware a r r i v a l ,  KSC personnel  p a r t i c i p a t e  i n  ground 
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i t e m ,  KSC submi t ted  t o  Marsha l l  a d iscrepancy  n o t i c e  which i d e n t i f i e d  t h e  
problem. A l l  n o t i c e s  were re so lved  by t h e  miss ion  management team and 
a p p r o p r i a t e  a c t i o n  r e s u l t e d .  

Payload p lanning  meetings such as payload ground o p e r a t i o n s  working group 
meetings and t e c h n i c a l  exchange meetings are he ld  a t  KSC f o r  most payloads. 
These meetings enable  t h e  experimenters t o  become f a m i l i a r  w i th  KSC ope ra t ions  
and a l low KSC t o  l e a r n  more about t h e  payload. Schedules,  p rocedures ,  and 
o t h e r  concerns are d i scussed  a t  t h e s e  meetings. 

s a f e t y  reviews. These reviews are sponsored by t h e  KSC s a f e t y  o f f i c e  and 
a t t e n d e d  by t h e  miss ion  manager. I f  a p a r t i c u l a r  experiment has  many 
hazardous ope ra t ions  o r  u ses  equipment t h a t  can be hazardous,  then  t h e  mission 
manager can r eques t  t h a t  t h e  i n v e s t i g a t o r s  a l s o  a t t end .  The purpose of t h e s e  
meetings i s  t o  i d e n t i f y  and ana lyze  a l l  hazardous ope ra t ions  t h a t  w i l l  be 
performed a t  KSC dur ing  payload ground process ing .  S p e c i a l i z e d  handl ing  
i n s t r u c t i o n s  and p recau t ions  are agreed upon by a l l  a t t endees .  This  
i n fo rma t ion  i s  then  forwarded t o  t h e  NASA engineer  who w i l l  be performing t h e  
o p e r a t i o n  and w i l l  be r e s p o n s i b l e  f o r  ensu r ing  t h e  s a f e t y  of t h e  t a sk .  

I n  a d d i t i o n  t o  reviewing t h e  G I R D ,  add res s ing  any a p p l i c a b l e  d iscrepancy  
n o t i c e s ,  and p a r t i c i p a t i n g  i n  KSC-sponsored payload meetings,  an  i n v e s t i g a t o r  
a l s o  i n t e r a c t s  w i th  KSCINASA personnel  by p rov id ing  w r i t t e n  procedures  f o r  a l l  
experiment a c t i v i t i e s  s p e c i f i e d  i n  t h e  GIRD.  Also,  t h e  a s s igned  NASA 
e n g i n e e r s  u s u a l l y  t r a v e l  t o  t h e  experiment des ign  c e n t e r  t o  l e a r n  f i r s t - h a n d  
how t h e  equipment f u n c t i o n s  and how i t  should be i n t e g r a t e d .  

For t h e  EASEIACCESS payload, KSCINASA eng inee r s  p a r t i c i p a t e d  i n  t h e  
i n t e g r a t i o n  of mock-up EASE and ACCESS experiments and Mission P e c u l i a r  
Equipment (MPE) on to  a non- f l igh t  MPESS a t  Marsha l l .  
p a r t i c i p a t e d  i n  t h e  i n t e g r a t i o n  and t e s t i n g  of t h e  f l i g h t  ACCESS experiment a t  
Langley Research Center.  These a c t i v i t i e s  enabled KSC eng inee r s  t o  o b t a i n  
d e t a i l e d  in fo rma t ion  from t h e  i n v e s t i g a t o r s  about t h e i r  experiments.  This  
p a r t i c i p a t i o n  a l s o  enabled KSC t o  estimate more a c c u r a t e l y  t h e  i n t e g r a t i o n  
t i m e  and t h e  r e sources  t h a t  would be r equ i r ed  a t  t h e  launch s i te .  Using t h i s  
i n fo rma t ion ,  NASA gene ra t ed  a n  EASEIACCESS p rocess ing  schedule  f o r  t h e  e n t i r e  
payload f low a t  KSC. 

implementing procedures and u t i l i z i n g  r e sources .  The payload master schedule  
shows t h e  payload flow a t  KSC from ar r iva l  on-dock (O/D) through 
d e i n t e g r a t i o n .  The payload i n t e g r a t i o n  schedu le  shows major mi l e s tones  and a 
d e t a i l e d  breakdown of a l l  payload work performed. This schedule  i s  formulated 
p r i o r  t o  hardware a r r iva l  and i s  updated throughout t h e  p rocess ing  flow t o  
r e f l e c t  t h e  as-run a c t i v i t i e s  and any necessary  changes f o r  remaining work. 
F igu res  4 and 5 show t h e  as-run EASEIACCESS master schedule  and i n t e g r a t i o n  
schedu le ,  r e s p e c t i v e l y .  

Based on i n t e g r a t i o n  drawings, G I R D  requi rements ,  exper ience  wi th  
hardware i n t e g r a t i o n  and t e s t i n g  a t  t h e  des ign  c e n t e r ,  and exper imenter  
i n p u t s ,  t h e  KSCINASA eng inee r s  develop procedures f o r  a l l  planned 
a c t i v i t i e s .  These documents are c a l l e d  T e s t  and Assembly Procedures 
(TAP'S). 
payload a c t i v i t i e s .  These procedures are w r i t t e n  w e l l  i n  advance of t h e  
a c t u a l  a c t i v i t y .  The f i r s t  d r a f t  of an assembly procedure i s  w r i t t e n  s e v e r a l  
months p r i o r  t o  t h e  use  da t e .  A f t e r  being reviewed by t h e  miss ion  manager, 
t h e  exper imenters ,  KSC q u a l i t y  eng inee r ing ,  and t h e  KSC s a f e t y  o f f i c e ,  t h e  
procedure i s  f i n a l i z e d  and r e l e a s e d  f o r  use. Up t o  t h r e e  d r a f t s  of a document 

Another t ype  of meeting scheduled a t  KSC c o n s i s t s  of a s e r i e s  of ground 

NASA personnel  a l s o  

Schedules are used a t  KSC as planning t o o l s  and as a method f o r  

The purpose of an assembly procedure is  t o  implement pre-planned 
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may be publ ished before  t h e  f i n a l  v e r s i o n  i s  re leased .  
assembly procedures  w e r e  w r i t t e n  s p e c i f i c a l l y  f o r  t h e  EASEIACCESS payload. 
These procedures  inc luded  EASE i n s t a l l a t i o n ,  ACCESS i n s t a l l a t i o n ,  MPE 
i n s t a l l a t i o n ,  and ACCESS f u n c t i o n a l  t e s t i n g .  

S e v e r a l  tes t  and 
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FIGURE 4 - EASE/ACCESS MASTER SCHEDULE 
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BRJGmU P ~ L G ~  rd 

A number of g e n e r i c  tes8%&@$&e(dv#\gcedures ex is t  which can be 
performed on more than  one payload. 
p rocess ing  inc luded  weight  and ba lance  de te rmina t ion ,  payload c l ea rance  
checks,  and MPESS/pallet payload c loseou t  i n spec t ion .  
can be used f o r  process ing  f u t u r e  space c o n s t r u c t i o n  experiments.  

Standard procedures  used f o r  EASE/ACCESS 

These same procedures  

EASEtACCESS NASA-CS-SED 
STS-31 /FLT 61 -B/oV-lM 

PAYLOAD OPERATIONS EXPERIMENT INTEGRATION 

- 
JUNE 

6M: 
I CRITICAL PRTH 
3 OFFLINE 

a WUER lP/TEST 
3 SCHERlLEO WRK 

MLIMY 

WLZ#W/CWNE WS 

SEPTEHEER I 

IAST REV: 11-22-85 

)(ovoIIm B M E L I I E :  11-2065 

FIGURE 5 - EASE/ACCESS INTEGRATION SCHEDULE 
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u r r  LlNE PAYLOAD PROCESSING 

Once t h e  experiments  and t h e  mission p e c u l i a r  equipment begin t o  a r r i v e  
a t  KSC, a l l  a c t i v i t i e s  appear  i n  t h e  KSC Payload I n t e g r a t e d  Cont ro l  
Schedule. This  i s  a d e t a i l e d  72 h o u r / l l  day schedule  and i s  publ ished 
d a i l y .  Hardware d e l i v e r i e s ,  experiment i n s t a l l a t i o n s ,  f u n c t i o n a l  tests, and 
f a c i l i t y  requirements are a l l  l i s t e d  i n  t h e  schedule .  
perform a scheduled a c t i v i t y  i s  i n d i c a t e d  i n  hours  f o r  t h e  f i r s t  72 hour 
per iod  and i n  s h i f t s  f o r  t h e  fo l lowing  11 day per iod.  
Q u a l i t y  Assurance suppor t  r e q u i r e d  f o r  a n  a c t i v i t y  i s  a l s o  i n d i c a t e d ,  as w e l l  
as any o t h e r  necessary support .  F igure  6 i s  an example of a page from t h e  
schedule .  

The t i m e  r e q u i r e d  t o  

The t e c h n i c i a n  and 

FIGURE 6 - KSC PAYLOAD INTEGRATED CONTROL SCHEDULE 
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ORIGINAL pI?cz 1s 
OF POOR QU-~J,ITY 

A l l  h o r i z o n t a l  payloads fo l low t h e  process ing  f low o u t l i n e d  i n  F igure  
Payload hardware a r r i v e s  a t  t h e  O&C bu i ld ing  l o c a t e d  i n  t h e  i n d u s t r i a l  7. 

area of KSC, shown i n  F igu re  8. 
p l ane  o r  t r u c k ,  a q u a l i t y  i n s p e c t o r  performs a r ece iv ing  and in spec t ion .  
process  i n c l u d e s  a v i s u a l  v e r i f i c a t i o n  t h a t  no sh ipp ing  damage has  occurred 
and a check t h a t  a l l  i t e m s  and a p p l i c a b l e  documentation have been rece ived .  
Afterwards,  t h e  experimenter  i s  f r e e  t o  perform any o f f l i n e  a c t i v i t i e s  t h a t  
are necessary ,  i f  such a r eques t  had been p rev ious ly  s t a t e d  i n  t h e  GIRD. 
O f f l i n e  l a b s  are a v a i l a b l e  f o r  experimenters  on an  i n d i v i d u a l  b a s i s ,  and KSC 
can provide  l i m i t e d  r e sources ,  such as darkrooms, laminar  f low benches,  
c e n t r i f u g e s ,  s i n k s ,  and c e r t a i n  common f l u i d s  and gases. 
r e q u e s t  f o r  an  o f f l i n e  l a b  o r  f o r  suppor t ing  equipment must be inc luded  i n  t h e  
GIRD, and KSC's response as t o  whether o r  no t  t h e  s e r v i c e  can be provided i s  
l i s t e d  i n  t h e  LSSP. 

A f t e r  t h e  hardware i s  of f loaded  from t h e  
Th i s  

In  a l l  cases, the  

TRANSPORTER 

FIGURE 7 - HORIZONTAL PAYLOAD PROCESSING FLOW 
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Many experiments a r r i v e  a t  KSC ready f o r  i n s t a l l a t i o n  and r e q u i r e  no 
o f f l i n e  a c t i v i t i e s .  This  w a s  t h e  case  wi th  t h e  EASE experiment. The ACCESS 
experiment ,  on t h e  o t h e r  hand, went f i r s t  t o  a n  o f f l i n e  l a b  where t h e  
experimenter  checked o u t  t h e  o p e r a t i o n  of t h e  s t r u t s  and t h e  nodes. 

f i l m  o r  p r e s s u r i z i n g  an experiment.  
t h e i r  own paperwork system if t h e r e  are no hazards  involved. If any of t h e  
o f f l i n e  a c t i v i t i e s  are hazardous,  such as a c rane  l i f t  o r  an o p e r a t i o n  
involv ing  h igh  p r e s s u r e ,  then  a NASA engineer  w i l l  be r e s p o n s i b l e  f o r  w r i t i n g  
a T e s t  P r e p a r a t i o n  Sheet  (TPS) t o  perform t h e  opera t ion .  This  procedure w i l l  
be reviewed by t h e  s a f e t y  o f f i c e  and t h e  a c t i v i t y  w i l l  be performed under t h e  
NASA t a s k  l e a d e r ' s  d i r e c t i o n .  

p r e p a r a t i o n  s h e e t s  are a l s o  used f o r  unplanned o n l i n e  a c t i v i t i e s  and f o r  
e v e n t s  t h a t  do no t  r e q u i r e  any s i g n i f i c a n t  suppor t  beyond a NASA e n g i n e e r ,  
Boeing t e c h n i c i a n s  and NASA q u a l i t y  assurance.  The major d i f f e r e n c e s  between 
a tes t  p r e p a r a t i o n  s h e e t  and a n  assembly procedure are t h a t  t h e  f i r s t  i s  less 
formal  and t h a t  no p r e l i m i n a r y  d r a f t s  are publ ished.  Therefore ,  a t e s t  
p r e p a r a t i o n  s h e e t  i s  u s u a l l y  w r i t t e n  j u s t  p r i o r  t o  u s e  and needs t o  be 
reviewed only by t h e  a p p r o p r i a t e  KSC personnel .  Most hardware changeouts,  
m o d i f i c a t i o n s ,  and d e i n t e g r a t i o n s  are performed us ing  a test p r e p a r a t i o n  
s h e e t .  

hardware turnover  t o  KSC. A q u a l i t y  engineer  reviews t h e  acceptance  d a t a  
package which accompanies every  item of f l i g h t  hardware t h a t  a r r i v e s  a t  KSC. 
The d a t a  package c o n t a i n s  updated drawings f o r  t h e  f l i g h t  hardware, a l i s t  of 
non-f l igh t  i t e m s  t h a t  are c u r r e n t l y  i n s t a l l e d  on t h e  f l i g h t  hardware (such as 
ground l i f t i n g  r i n g s ) ,  any requi red  c e r t i f i c a t i o n s  (such as proofload d a t a ) ,  
any e x i s t i n g  waivers  o r  d e v i a t i o n s ,  a l i s t  of open work t h a t  s t i l l  needs t o  be 
completed,  and any problem r e p o r t s  documenting nonconformance items. Q u a l i t y  
e n g i n e e r i n g  v e r i f i e s  t h a t  a l l  of t h e  r e q u i r e d  material is p r e s e n t .  Qual i ty  
personnel  a l s o  wr i t e  a KSC problem r e p o r t  f o r  every  nonconformance i tem and 
f o r  any open work t h a t  w a s  no t  prev ious ly  scheduled t o  be performed a t  KSC. 
I n  a d d i t i o n ,  t h e  q u a l i t y  engineer  l ogs  a l l  non-f l igh t  hardware i n  t h e  
payload ' s  non-f l igh t  equipment/red s t reamer  log ,  and a red "Remove Before 
F l i g h t "  streamer is  a t t a c h e d  t o  each  of t h e s e  i t e m s .  A t  t h i s  p o i n t ,  t h e  
payload has been o f f i c i a l l y  turned  over  t o  KSC and is  considered t o  be 
o n l i n e .  
p e r s o n n e l  and a l l  a c t i v i t i e s  are documented i n  t h e  KSC paperwork system. 

coord ina ted  and t h a t  r e s u l t s  are proper ly  recorded. The documents show 
f u l f i l l m e n t  of GIRD requirements  and i n d i c a t e  any c o n f i g u r a t i o n  changes 
performed a t  KSC. 
be r e c o n s t r u c t e d  and v e r i f i e d .  Regardless  of t h e  type  of document used f o r  a 
payload a c t i v i t y ,  each s t e p  is stamped by a t e c h n i c i a n  o r  s igned  by an 
engineer  and stamped by a q u a l i t y  i n s p e c t o r  as a p p r o p r i a t e .  This  method of 
t r a c k i n g  t h e  work performed enables  any r e a d e r  t o  i d e n t i f y  what s t e p s  were 
s u c c e s s f u l l y  completed and which personnel  were involved. I f  a t  any p o i n t  i n  
t h e  process ing  f low a problem o r  p o t e n t i a l  problem arises, a problem r e p o r t  i s  
genera ted  by t h e  q u a l i t y  i n s p e c t o r .  This  r e p o r t  t r a c k s  t h e  nonconformance 
i t e m  and i s  used t o  r e t u r n  t h e  hardware t o  f l i g h t  conf igura t ion .  
a procedure i s  completed o r  a problem documented on a problem r e p o r t  i s  
s o l v e d ,  t h e n  t h e  a p p r o p r i a t e  procedure o r  r e p o r t  i s  o f f i c i a l l y  c losed .  This  

The o f f l i n e  l a b s  can a l s o  be used f o r  o t h e r  a c t i v i t i e s ,  such as loading  
I n v e s t i g a t o r s  perform a l l  work under 

I n  a d d i t i o n  t o  being used f o r  o f f l i n e  hazardous a c t i v i t i e s ,  test 

A f t e r  o f f l i n e  a c t i v i t i e s ,  t h e  next  s t e p  i n  t h e  processing f low i s  

All f u r t h e r  experiment o p e r a t i o n s  are performed by NASAIBoeing 

The paperwork system used a t  KSC ensures  t h a t  a l l  payload a c t i v i t y  i s  

From t h e s e  documents, a l l  payload work performed a t  KSC can 

When e i t h e r  
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means t h a t  a l l  necessary  o p e r a t i o n s  have been accomplished and t h a t  no open 
work remains. 
f l i g h t  c o n f i g u r a t i o n  because of a problem, then  t h e  c o n d i t i o n  must be approved 
by t h e  a p p r o p r i a t e  personnel  b e f o r e  t h e  problem r e p o r t  can be closed.  

Throughout a l l  payload process ing ,  KSC personnel  e v a l u a t e  experiment 
o p e r a t i o n s  t o  determine and p r e d i c t  p o s s i b l e  problems t h a t  may occur .  
times, a s p e c i f i c  i t e m  of experiment hardware may no t  appear t o  be problematic  
t o  t h e  i n v e s t i g a t o r  but may, i n  f a c t ,  i n t e r f e r e  w i t h  t h e  o p e r a t i o n s  of another  
nearby experiment. 
payload when working w i t h  i n d i v i d u a l  experiments.  
p o t e n t i a l  problems b e f o r e  they  occur.  

During t h e  review of t h e  EASE acceptance d a t a  package, material  usage 
agreements and d e v i a t i o n s  t h a t  had n o t  y e t  been f u l l y  approved were found. 
problem r e p o r t  w a s  w r i t t e n  t o  t r a c k  t h e s e  nonconformance items. 
r e p o r t  could n o t  be c l o s e d  u n t i l  s e v e r a l  months l a t e r  when proper  
documentation was rece ived  from Marshall .  
EASE, minor p a i n t  s c r a t c h e s  on t h e  c r a d l e  assembl ies  were discovered.  
problem was reso lved  t h e  fo l lowing  week by performing touch-up p a i n t i n g  of t h e  
hardware. 

No problems were encountered dur ing  t h e  ACCESS experiment turnover .  
S e v e r a l  red "Remove Before F l i g h t "  streamers had t o  be a t t a c h e d  t o  ACCESS, 
however, since non-flight lifting hardware a r r i v e d  i n s t a l l e d  on t h e  
experiment . 

I f  t h e  experiment cannot be r e t u r n e d  t o  t h e  o r i g i n a l l y  planned 

Many 

KSC personnel  keep i n  mind t h e  o p e r a t i o n  of t h e  e n t i r e  
This  h e l p s  t o  i d e n t i f y  

A 
The problem 

During r e c e i v i n g  and i n s p e c t i o n  of 
The 

LEVEL I . EXPERIMENT 
TURNOVER TO 

- CITE OPERATIONS 
- CLOSE0 LOOP TESTING FLIGHT POST-FLIGHT MISSION MANAGER 

- PAYLOAO REMOVAL FROM 
(END-TO-END)' - - PAYLOAD INSTALLATION 

O N L I N E  PAYLOAD PROCESSING 

S h u t t l e  payloads go through a maximum of t h r e e  l e v e l s  of process ing:  
Level  I V ,  a combined Level III/II, and Level I. Reference F igure  9. Level I V  

- EXPERIMENT INSTALLATION 
INTO SPACELAB 

INTERFACE VERIFICATION 
- EXPERIMENT~SPACELAB 

- INTEGRATED TESTING 

EXPERIMENT LEVEL I V  
- MPE INSTALLATION ONTO CARRIER 

EXPERIMENT 
TO KSC - EXPERIMENT INSTALLATION ONTO 

ON-DOCK OFFLINE ACTIVITIES 

- RECEIVING & INSPECTION 
- INVESTIGATOR OFFLINE 

CARRIER 
- SUBSYSTEM TESTING' 
- EXPERIMENT FUNCTIONAL TESTING 

A N 0  INTERFACE VERIFICATION 

ACTIVITIES* 

- INTEGRATED TESTING' 

*MAY NOT EE REQUIRED FOR EVERY PAYLOAD 

FIGURE 9 - EXPERIMENT INTEGRATION LEVELS FOR HORIZONTAL PAYLOADS 

110 



i n c l u d e s  t h e  i n s t a l l a t i o n  of t h e  experiment on to  t h e  carrier,  t h e  f u n c t i o n a l  
t e s t i n g  of t h e  experiment,  and t h e  i n t e g r a t e d  t e s t i n g  of a l l  experiments on 
t h e  same c a r r i e r .  
on ly  invo lves  Spacelab miss ions .  EASE/ACCESS bypassed t h i s  l e v e l ,  as would 
most f u t u r e  space c o n s t r u c t i o n  experiments. Level I i nc ludes  a l l  s imula ted  
and a c t u a l  o r b i t e r  t e s t i n g  and a l l  pay load /o rb i t e r  ope ra t ions .  

The ma jo r i ty  of o n l i n e  payload ope ra t ions  occurs i n  t h e  O&C low bay, a 
class 100,000 c l e a n  area ( a i r b o r n e  p a r t i c l e s ) .  Clean room garments must  be 
worn i n  t h e  proximi ty  of f l i g h t  hardware. 
personnel  e n t e r i n g  t h e  area must be badged a p p r o p r i a t e l y .  Two 27.5 ton  
c a p a c i t y  c ranes  are a v a i l a b l e  f o r  u s e  dur ing  payload processing. 

followed by t h e  Level III/II test s t a n d s ,  and f i n a l l y  t h e  CITE s t and  (Cargo 
I n t e g r a t i o n  T e s t  Equipment). The low bay i s  shown i n  F igure  10, w i t h  t h e  
Level I V  s t a n d s  i n  t h e  foreground. CITE s imula t e s  t h e  o r b i t e r  and a l lows  

Level III/II v e r i f i e s  experiment t o  carrier i n t e r f a c e s  and 

The low bay is  a s e c u r e  area, and 

Located a t  one end of t h e  O&C low bay are t h e  Level IV t es t  s t a n d s ,  

FIGURE 10 -OPERATIONS AND CHECKOUT BUILDING LOW BAY 
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payload-to-orbi ter  e lec t r ica l  i n t e r f a c e s  t o  be v e r i f i e d .  CITE marks the 
beginning of Level I. Level I cont inues  when t h e  payload is  i n s t a l l e d  i n  t h e  
payload c a n i s t e r  and taken  t o  e i t h e r  the O r b i t e r  Process ing  F a c i l i t y  o r  the 
pad, a t  which p o i n t  t h e  payload i s  i n s t a l l e d  i n t o  t h e  Space S h u t t l e  o r b i t e r .  
A l l  f u r t h e r  payload o p e r a t i o n s  u n t i l  launch are a l s o  inc luded  as p a r t  of Level  
I processing.  

MISSION PECULIAR EQUIPMENT INSTALLATION 

Level  IV i n t e g r a t i o n  begins  wi th  MPE i n s t a l l a t i o n  onto  t h e  carrier.  The 
ca r r i e r  can be a n  MPESS (Mission P e c u l i a r  Equipment Support  S t r u c t u r e ) ,  a 
Spacelab p a l l e t ,  o r  o t h e r  such s t r u c t u r e .  These carriers are flown i n s i d e  t h e  
payload bay of t h e  o r b i t e r ,  as shown i n  F igure  11. 
used an  MPESS. Normally, KSC's f i r s t  t a s k  would have been t o  i n s t a l l  t h e  MPE 

The EASE/ACCESS payload 

FIGURE 11 -ORBITER PAYLOAD BAY WITH CARRIERS INSTALLED 
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s a d d l e  and p l a t e s .  S ince  t h e  s p e c i f i c  MPESS used f o r  EASE/ACCESS had been 
s e n t  t o  Marshal l  f o r  major modi f ica t ions ,  t h e  MPE s a d d l e  and p l a t e s  were a l s o  
i n s t a l l e d  a t  Marshal l .  An a d d i t i o n a l  MPE modi f ica t ion ,  f lagged  by t h e  design 
agency, w a s  t h e  f i r s t  p i e c e  of f l i g h t  hardware t o  be i n s t a l l e d  a t  KSC. This  
m o d i f i c a t i o n  c o n s i s t e d  of a s t i f f e n e r  bracke t  which r e i n f o r c e d  t h e  c a r r i e r .  
A s  i s  t h e  c a s e  when a n  unplanned change t o  f l i g h t  hardware must be nade, 
Marsha l l  genera ted  a n  engineer ing  o r d e r  and s e n t  i t  along wi th  t h e  hardware 
and drawings as p a r t  of a mod k i t .  An engineer ing  o r d e r  a u t h o r i z e s  a change 
t o  f l i g h t  hardware and i s  always genera ted  by t h e  des ign  c e n t e r .  KSC then  
wrote  a tes t  p r e p a r a t i o n  s h e e t  t o  perform t h e  modif icat ion.  Next, KSC 
i n s t a l l e d  t h e  MPE f o o t  r e s t r a i n t  support  s t r u c t u r e  us ing  a t e s t  and assembly 
procedure.  This  was a planned p a r t  of MPE i n s t a l l a t i o n .  

of l a t e  d e l i v e r i e s  and because of i n t e r f e r e n c e  wi th  experiment i n s t a l l a t i o n .  
This  MPE inc luded  f o u r  h a n d r a i l s  f o r  t h e  EASE end racks ,  t h e  f o o t  r e s t r a i n t s ,  
t h e  h a n d r a i l  assembl ies  f o r  t h e  f o o t  r e s t r a i n t s ,  and Velcro f o r  t h e  MPESS t o p  
c l o s u r e  p l a t e s .  The h a n d r a i l  assemblies  f o r  t h e  f o o t  r e s t r a i n t s  were 
i n s t a l l e d  d u r i n g  t h e  week fo l lowing  i n i t i a l  EASE i n t e g r a t i o n .  The f o o t  
r e s t r a i n t s ,  which were l a t e  d e l i v e r y  i t e m s  from Johnson, a r r i v e d  a t  KSC j u s t  
p r i o r  t o  crew t r a i n i n g  opera t ions .  Three of t h e  f o u r  f o o t  r e s t r a i n t s  were 
i n s t a l l e d  f o r  t h e  crew t r a i n i n g  opera t ions .  The f o u r t h  f o o t  r e s t r a i n t  was 
i n s t a l l e d  a f t e r w a r d s ,  due t o  i n t e r f e r e n c e  w i t h  ground s c a f f o l d i n g  needed t o  
r e a c h  t h e  experiments f o r  crew t r a i n i n g .  The f o o t  r e s t r a i n t  MPE and t h e  f o o t  
r e s t r a i n t s  were i n s t a l l e d  per  a tes t  and assembly procedure. 

t h e  amount p r e d i c t e d  by t h e  des igners .  This  i s  because problems o r  new 
m o d i f i c a t i o n s  ( reques ted  by t h e  d e s i g n e r )  o f t e n  arise.  KSC tr ies t o  p r e p a r e  
f o r  t h i s  by ensur ing  t h a t  t i m e  estimates are conserva t ive .  Because of t h i s ,  
KSC w a s  a b l e  t o  i n c o r p o r a t e  t h e  many modi f ica t ions  t o  t h e  EASE/ACCESS payload 
without  impact ing t h e  launch da te .  

r e s t r a i n t s .  A mod k i t  w a s  rece ived  from Marshal l  t o  i n c r e a s e  t h e  e l e v a t i o n  of 
t h e  f o o t  r e s t r a i n t  on t h e  forward s i d e  ( t h e  EASE s i d e )  of t h e  MPESS. The MPE 
i n t e r f a c e  between t h e  MPESS and t h e  f o o t  r e s t r a i n t  w a s  changed. T h i s  
modi f ica t ion  w a s  incorpora ted  u s i n g  a test p r e p a r a t i o n  shee t .  

on t h e  forward s i d e  of t h e  MPESS. The f o o t  r e s t r a i n t  was t o  be i n s t a l l e d  so  
t h a t  i t  d i r e c t l y  faced t h e  forward s i d e  of t h e  MPESS. Based on t h e  c u r r e n t  
MPE and f o o t  r e s t r a i n t  c o n f i g u r a t i o n ,  t h i s  could no t  be accomplished. A 
problem r e p o r t  w a s  w r i t t e n  t o  document t h i s  problem, and t h e  a p p r o p r i a t e  
personnel  a t  Marshal l  and Johnson were consul ted.  A f t e r  cons ider ing  s e v e r a l  
complicated s o l u t i o n s ,  a r e l a t i v e l y  s imple one w a s  reached. This  s o l u t i o n  
involved a s imple r e c o n f i g u r a t i o n  of t h e  f o o t  r e s t r a i n t  assembly. A f i e l d  
e n g i n e e r i n g  change, which a u t h o r i z e s  a change t o  t h e  f l i g h t  c o n f i g u r a t i o n ,  was 
w r i t t e n  p r i o r  t o  hardware r e c o n f i g u r a t i o n ,  and approval  w a s  ob ta ined  from 
Johnson. The f o o t  r e s t r a i n t  p l a t f o r m  w a s  r e o r i e n t e d  w i t h  r e s p e c t  t o  t h e  
gimbal j o i n t / p r o b e  assembly a t  a f o u r  b o l t  a t tachment  l o c a t i o n ,  and then  t h e  
e n t i r e  f o o t  r e s t r a i n t  assembly was r e o r i e n t e d  w i t h  r e s p e c t  t o  t h e  MPE 
i n t e r f a c e  clamp. This  s i t u a t i o n  d i d  no t  occur  u n t i l  very l a t e  i n  t h e  f low,  
j u s t  several weeks p r i o r  t o  payload i n s t a l l a t i o n  i n t o  t h e  c a n i s t e r .  Timely 
d e l i v e r y  of a l l  hardware can h e l p  avoid such hardware problems l a t e  i n  t h e  
payload flow. T h i s  problem r e p o r t  w a s  c losed  j u s t  one and a h a l f  weeks p r i o r  
t o  t h e  payload l e a v i n g  t h e  O&C bui ld ing .  

The remaining MPE hardware had t o  be i n s t a l l e d  l a t e r  i n  t h e  f low,  because 

The a c t u a l  t i m e  i t  t a k e s  f o r  hardware i n s t a l l a t i o n  is  u s u a l l y  longer  than  

One modi f ica t ion  occurred j u s t  p r i o r  t o  i n s t a l l a t i o n  of t h e  f o o t  

A problem w a s  then  encountered w i t h  the  o r i e n t a t i o n  of t h e  f o o t  r e s t r a i n t  
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Two more MPE mod k i t s  were a l s o  incorpora ted  i n t o  t h e  payload. The f i r s t  
modi f ica t ion  c a l l e d  f o r  t h e  i n s t a l l a t i o n  of two MPE h a n d r a i l s  onto each of t h e  
two EASE end racks.  The second modi f ica t ion  added f o u r  Velcro pads t o  t h e  
MPESS top  c l o s u r e  p l a t e s  t o  provide a s t o r a g e  l o c a t i o n  f o r  t h e  EASE c l u s t e r  
assembly p i p  pins.  

EXPERIMENT INSTALLATION 

A f t e r  t h e  ACCESS experiment was turned over  t o  KSC, t h e  b o l t s ,  n u t s ,  
washers,  and o t h e r  loose  hardware were organized i n t o  k i t s ,  as p a r t  of t h e  
p r e p a r a t i o n  f o r  experiment i n s t a l l a t i o n .  ACCESS w a s  t h e  f i r s t  experiment t o  
be i n s t a l l e d .  Because of t h e  s i z e  and weight of t h e  experiment c a n i s t e r s ,  t h e  
low bay crane  was used,  making t h e s e  o p e r a t i o n s  hazardous. A f t e r  each 
component was a t t a c h e d  t o  t h e  c rane  hook, t h e  area was c l e a r e d  of non- 
e s s e n t i a l  personnel ,  t h e  s a f e t y  o f f i c e  was contac ted ,  and the  l i f t  began. 

The f i r s t  i t e m  of ACCESS hardware t o  be i n s t a l l e d  was t h e  node 
c a n i s t e r .  A problem was encountered a t  t h e  s ta r t  when i t  w a s  d i scovered  t h a t  
a small h o l e  f o r  a n  ACCESS alignment p i n  was missing from an WE p l a t e .  
NASA/Boeing personnel  d r i l l e d  t h e  h o l e  p e r  t h e  s p e c i f i c a t i o n s  i n  t h e  drawing 
and proceeded wi th  node canis ter  i n s t a l l a t i o n .  Afterwards KSC i n s t a l l e d  t h e  
two m a s t  clamps and the assembly f i x t u r e .  T h e  assembly f i x t u r e  w a s  the f i r s t  
i t e m  t o  r e q u i r e  use  of t h e  crane.  

The d iagonal  s t r u t  canis ter  was i n s t a l l e d  next .  Another problem was 
encountered when t h e  c a n i s t e r  would n o t  f i t  i n  t h e  MPE p l a t e  cu tout .  A s  a 
r e s u l t ,  KSC had t o  e n l a r g e  t h e  c u t o u t  by f i l i n g  f i v e  s l o t s  i n  t h e  p l a t e ;  t h i s  
m o d i f i c a t i o n  meant t h a t  t h e  p l a t e  would no l o n g e r  be "per  drawing". S ince  i t  
would t a k e  t o o  long  t o  have t h e  des ign  agency g e n e r a t e  an engineer ing  o r d e r  t o  
change t h e  drawing and then forward t h e  o r d e r  t o  KSC as p a r t  of a mod k i t ,  KSC 
chose t o  g e n e r a t e  a f i e l d  engineer ing  change. Both a f i e l d  engineer ing  change 
and a n  engineer ing  o r d e r  can be used t o  a u t h o r i z e  f l i g h t  hardware 
modi f ica t ions .  The d i f f e r e n c e  i s  t h a t  t h e  engineer ing  o r d e r  i s  genera ted  by 
t h e  d e s i g n  agency and permanently accompanies t h e  o f f i c i a l  drawing f o r  t h a t  
p i e c e  of hardware. The f i e l d  engineer ing  change, on t h e  o t h e r  hand, i s  
genera ted  by KSC and can be used t o  make hardware changes realtime. I f  a 
f i e l d  engineer ing  change i s  w r i t t e n ,  then  t h e  mission management team a c c e p t s  
t h e  r e s p o n s i b i l i t y  f o r  amending t h e  a p p l i c a b l e  drawing a t  a f u t u r e  da te .  The 
f i e l d  engineer ing  change genera ted  f o r  t h e  MPE p l a t e  w a s  q u i c k l y  s igned  by t h e  
a p p r o p r i a t e  KSC personnel  and by t h e  d e s i g n  agency r e p r e s e n t a t i v e .  
NASA/Boeing t h e n  f i l e d  t h e  needed s l o t s  and proceeded wi th  t h e  d iagonal  s t r u t  
c a n i s t e r  i n s t a l l a t i o n  on t h e  fo l lowing  day. 
change allowed t h e  o p e r a t i o n  t o  proceed smoothly a f t e r  a l l  a p p l i c a b l e  p a r t i e s  
had approved t h e  change, without  causing a s i g n i f i c a n t  delay.  

When t h e  door s t o p  f o r  t h e  c a n i s t e r  was i n s t a l l e d  and t e s t e d ,  i t  w a s  
d i scovered  t h a t  shims had been s e n t  t o  be used as needed, and s e v e r a l  were i n  
f a c t  requi red .  None of t h e s e  s p a c e r s ,  however, where l i s t e d  i n  t h e  
i n t e g r a t i o n  drawing. NASA opened a problem r e p o r t  s i n c e  t h e  door s t o p  could 
no t  be p r o p e r l y  i n s t a l l e d  wi thout  spacers .  Next, NASA genera ted  a f i e l d  
engineer ing  change t o  add t h e  shims t o  t h e  i n t e g r a t i o n  drawing. F i n a l l y ,  
NASA/Boeing i n s t a l l e d  t h e  needed shims. The l a s t  i t e m  of t h e  ACCESS 
experiment t o  be i n s t a l l e d  was t h e  t o o l  stowage assembly. No problems were 
encountered. 

The use of an f i e l d  engineer ing  

The b a t t e n l l o n g e r o n  s t r u t  c a n i s t e r  w a s  t h e  next  i t e m  t o  be i n s t a l l e d .  

114 



The EASE experiment a r r i v e d  a t  KSC approximately one month a f t e r  t h e  
a r r i v a l  of t h e  MPESS. Receiving and i n s p e c t i o n ,  hardware tu rnove r  t o  KSC, and 
hardware k i t t i n g  f o r  i n s t a l l a t i o n  were performed upon a r r i v a l .  
of EASE i n s t a l l a t i o n  was completed i n  two days. S ince  t h e  EASE beams could be 
comfortably handled by s e v e r a l  people,  t h e  f a c i l i t y  c rane  w a s  no t  requi red .  

One problem encountered dur ing  t h e  i n i t i a l  i n t e g r a t i o n  of EASE concerned 
t h e  s t i f f n e s s  of t h e  upper l a t c h  on t h e  s t a r b o a r d  r e s t r a i n t  c r ad le .  The 
problem w a s  so lved  promptly by c l ean ing  and l u b r i c a t i n g  t h e  l a t c h .  Two weeks 
l a t e r ,  upon a r r i v a l  of t h e  p i p  p ins  and t e t h e r s ,  t h e  f o u r  EASE c l u s t e r s  were 
i n s t a l l e d .  The base c l u s t e r  and redundant j e t t i s o n  f i t t i n g  were i n s t a l l e d  s i x  
weeks a f t e r  i n i t i a l  i n t e g r a t i o n .  

One requirement l i s t e d  i n  t h e  G I R D  s t a t e d  t h a t  KSC must v e r i f y  t h e  
a b i l i t y  of t h e  payload r e t e n t i o n  device  t o  hold EASE c r a d l e s  i n  t h e  c losed  
p o s i t i o n .  To perform t h i s ,  KSC reques ted  a payload r e t e n t i o n  dev ice  from t h e  
Johnson crew equipment o f f i c e .  The v e r i f i c a t i o n  w a s  performed as p a r t  of t h e  
EASE i n s t a l l a t i o n  procedure. 

payload has been turned  over  t o  KSC. A mod i f i ca t ion  t o  t h e  EASE hardware w a s  
r eques t ed  by Marsha l l  a f t e r  i n s t a l l a t i o n  w a s  complete. This  requirement w a s  
g iven  t o  KSC i n  t h e  form of a mod k i t .  The mod i f i ca t ion  e n t a i l e d  t h e  
i n s t a l l a t i o n  of threaded  i n s e r t s  i n t o  t h e  j o i n t  c l u s t e r  assembl ies .  The f i v e  
c l u s t e r  assembl ies  a t  KSC ( f o u r  i n s t a l l e d ,  one s p a r e )  were d isassembled ,  
modi f ied ,  and reassembled. Much l a t e r  i n  t h e  payload flow, j u s t  p r i o r  t o  t h e  
crew t r a i n i n g  e x e r c i s e ,  KSC rece ived  a n  a d d i t i o n a l  mod k i t  f o r  t h e  changeout 
of hardware used t o  s e c u r e  t h e  ACCESS node c a n i s t e r .  The ACCESS i n v e s t i g a t o r  
t r a v e l l e d  t o  KSC t o  observe  t h e  mod i f i ca t ion  and was a b l e  t o  v e r i f y  a c c e p t a b l e  
r o t a t i o n  of t h e  c a n i s t e r .  

The ma jo r i ty  

NASAIBoeing g e n e r a l l y  perform any necessary  hardware mod i f i ca t ions  once a 

EXPERIMENT TESTING 

A f t e r  experiment i n s t a l l a t i o n  i s  complete, t he  experiments a r e  
f u n c t i o n a l l y  t e s t e d .  For t h e  EASEIACCESS payload, ACCESS w a s  t e s t e d  i n  o r d e r  
t o  v e r i f y  t h a t  a l l  components worked t o g e t h e r  p rope r ly ,  bu t  no f u n c t i o n a l  
t e s t i n g  of EASE was r e q u i r e d  a t  KSC. Although experiment i n t e r f a c e s  are 
norma l ly  v e r i f i e d  a t  KSC du r ing  f u n c t i o n a l  t e s t i n g ,  t h i s  w a s  no t  p o s s i b l e  w i t h  
t h e  EASE experiment. 
and any ground assembly had t o  be done i n  a water tank. 
i n t e r f a c e s  were made a t  KSC t h a t  r equ i r ed  t e s t i n g .  
t o  by a l l  concerned t h a t  no test of EASE would be performed a t  KSC. S ince  
r a i s i n g  t h e  ACCESS assembly f i x t u r e  r equ i r ed  t h e  use  of t h e  c r a n e ,  t h i s  
procedure w a s  hazardous,  The ACCESS experiment,  on t h e  o t h e r  hand, r e q u i r e d  a 
thorough checkout. T e s t i n g  began by r a i s i n g  t h e  f i x t u r e  and v e r i f y i n g  t h a t  i t  
could be p rope r ly  secured  i n  t h e  v e r t i c a l  p o s i t i o n .  The node c a n i s t e r ,  t h e  
d i agona l  s t r u t  c a n i s t e r ,  and t h e  ba t t en l longe ron  s t r u t  c a n i s t e r  were checked 
next .  Each s t r u t  was examined and t h e  t o o l s  i n  t h e  contingency t o o l  k i t  were 
f i t -checked .  The contingency j e t t i s o n  hardware was opera ted  t o  v e r i f y  t h a t  i t  
would work p rope r ly  i n  f l i g h t .  Every p i p  p i n ,  l a t c h ,  j o i n t ,  and l e v e r  w a s  
cyc led  t o  v e r i f y  smooth and proper movement. F i n a l l y ,  two bays were assembled 
and then  stowed as shown i n  F igu re  12. A t  t h e  end of t h e  f u n c t i o n a l  test ,  t h e  
non- f l igh t  l i f t i n g  hardware w a s  removed from t h e  ACCESS experiment. 

personnel .  

EASE w a s  designed t o  be assembled only i n  ze ro -g rav i ty ,  
I n  a d d i t i o n ,  no new 

Therefore ,  i t  w a s  agreed 

A s  i s  normally t h e  case, a l l  ope ra t ions  are  performed by NASAIBoeing 
The i n v e s t i g a t o r s  are asked t o  be p re sen t  t o  v e r i f y  o p e r a t i o n s  and 
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t o  provide  t rouble-shoot ing  recommendations i f  a problem occurs .  Because of 
t h e  s u b j e c t i v e  " f e e l "  c r i t e r i a  involved i n  assembling a space c o n s t r u c t i o n  
experiment ,  t h e  ACCESS experimenter  had provided an  approximate range of 
pounds of f o r c e  r equ i r ed  t o  o p e r a t e  each i t e m  as a p a r t  of t h e  procedure 
input .  
t h e  exper imenter  w a s  asked t o  c y c l e  t h e  hardware and t o  make an  eva lua t ion .  
For each case, an  i n t e r i m  problem r e p o r t  was opened as soon as a ques t ion  
a rose ,  Th i s  type of r e p o r t  d i f f e r s  from a problem r e p o r t  i n  t h a t  t h e  f i r s t  
i d e n t i f i e s  a p o t e n t i a l  problem o r  a problem t h a t  cannot y e t  be a t t r i b u t e d  t o  a 
s p e c i f i c  i t e m  of hardware. The s i t u a t i o n  i s  eva lua ted  du r ing  t roub leshoo t ing  
and a l l  s t e p s  taken  are documented on t h e  i n t e r i m  problem r e p o r t .  
s p e c i f i c  problem is  i d e n t i f i e d ,  then t h e  i n t e r i m  r e p o r t  i s  upgraded t o  a 
problem r e p o r t  a t  which p o i n t  t h e  problem i s  f ixed .  
no problem ex is t s  and t h a t  t h e  experiment does o p e r a t e  nominal ly ,  then  the  
i n t e r i m  problem r e p o r t  i s  closed.  For example, i f  t h e  ACCESS exper imenter  
i n d i c a t e d  t h a t  no problem e x i s t e d ,  as w a s  t h e  case wi th  t h e  l a t c h i n g  of t h e  
f i r s t  bay, t hen  t h e  r e p o r t  was immediately closed.  I f ,  however, t h e  
exper imenter  was no t  s a t i s f i e d  wi th  t h e  ope ra t ion ,  as was t h e  case w i t h  t h e  
f o r c e  r equ i r ed  t o  r o t a t e  t h e  node c a n i s t e r ,  t h e  i n t e r i m  problem r e p o r t  was 
upgraded t o  a problem repor t .  
i d e n t i f i c a t i o n  and r e s o l u t i o n  are o u t l i n e d  i n  F igure  13. 
node c a n i s t e r ,  s e v e r a l  washers  were removed and a lock  mechanism was a d j u s t e d  
u n t i l  t h e  exper imenter  s t a t e d  t h a t  the r equ i r ed  f o r c e  f o r  r o t a t i o n  was 
acceptab le .  

I n  s e v e r a l  i n s t a n c e s ,  NASAIBoeing ques t ioned  t h e  f e e l  of an  i t e m  and 
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Normally, a f t e r  a l l  experiments  complete t h e i r  i n d i v i d u a l  f u n c t i o n a l  
tests,  t h e  payload i s  opera ted  t o g e t h e r  i n  a n  i n t e g r a t e d  test .  This  tes t  i s  
u s u a l l y  comprised of p o r t i o n s  taken from t h e  planned mission t imel ine .  The 
s p e c i f i c  t i m e  slices are chosen t o  r e p r e s e n t  t h e  most a c t i v e  and demanding 
per iods  of t h e  mission. I f ,  f o r  example, t h e  experiments use e lec t r ica l  power 
t o  t r a n s m i t  d a t a  t o  t h e  ground, then  times where power use  and d a t a  
t r a n s m i t t a l  are a t  a peak are chosen. I f  t h e  experiments involve  manual 
o p e r a t i o n s  by t h e  crew, then  a t i m e  which p l a c e s  maximum demand on t h e  crew is  
chosen. With t h e  EASE/ACCESS payload, each experiment was t o  be opera ted  a t  a 
d i f f e r e n t  t i m e  and n e i t h e r  experiment r e q u i r e d  t h e  use of shared  resources .  
Therefore ,  a n  i n t e g r a t e d  test w a s  no t  requi red .  

C r e w  involvenent  d u r i n g  payload process ing  enables  t h e  crew t o  g a i n  
exper ience  w i t h  a payload 's  opera t ion .  C r e w  members are welcome a t  RSC f o r  
p a r t i c i p a t i o n  i n  r e g u l a r l y  scheduled payload t e s t i n g .  This  i n c l u d e s  powered- 
up t e s t i n g  f o r  t h o s e  payloads w i t h  e lec t r ica l  i n t e r f a c e s .  For most missions 
involv ing  h o r i z o n t a l  payloads,  t h e  crew p a r t i c i p a t e s  i n  a l l  i n t e g r a t e d  tests 
and i n  some f u n c t i o n a l  tests.  Unless a s e p a r a t e  i t e m  i s  placed i n  t h e  GIRD 
r e q u e s t i n g  an a d d i t i o n a l  crew t r a i n i n g  s e s s i o n  o r  an i n f l i g h t  maintenance 
procedure walkdown, no t i m e  f o r  such a tes t  i s  b u i l t  i n t o  t h e  KSC process ing  
schedule .  A s  f o r  a l l  experiments ,  t h e  crew was welcome t o  p a r t i c i p a t e  i n  t h e  
ACCESS f u n c t i o n a l  t e s t .  Unfor tuna te ly ,  they  d i d  no t  a t t e n d  t h i s  tes t .  L a t e r  
i n  t h e  payload f low,  a f t e r  t h e  ACCESS experiment c l o s e o u t  had a l r e a d y  been 
performed, a s p e c i a l  t e s t  w a s  reques ted  by the mission manager. With many 
payloads being processed in p a r a l l e l ,  and KSC resources ( i n c l u d i n g  personnel )  
be ing  shared  by a l l  payloads,  t h e  schedule  u s u a l l y  does n o t  a l l o w  f o r  such 
arrangements. 

crew t r a i n i n g  s e s s i o n  w a s  worked i n t o  t h e  process ing  flow. This  tes t  enabled 
t h e  crew t o  check o u t  t h e  EASE and ACCESS experiments and t h e  MPE. A t es t  
p r e p a r a t i o n  s h e e t  was w r i t t e n  f o r  t h e  crew t r a i n i n g  e x e r c i s e .  I n  o r d e r  t o  
perform t h e  crew t r a i n i n g  o p e r a t i o n s ,  s e v e r a l  ACCESS f l i g h t  screws had t o  be 
removed and t h e  non-f l igh t  l i f t i n g  hardware f o r  t h e  assembly f i x t u r e  had t o  be 
r e i n s t a l l e d .  During t r a i n i n g  w i t h  t h e  EASE experiment ,  t h e  miss ion  
s p e c i a l i s t s  removed and rep laced  each bean, one a t  a t i m e ,  and v e r i f i e d  t h e  
o p e r a t i o n  of t h e  beams/clusters .  
hazardous s i n c e  t h e  f a c i l i t y  c r a n e  was used. The mission s p e c i a l i s t s  
assembled two bays of t h e  ACCESS experiment and a l s o  f i t -checked t h e  
cont ingency t o o l s .  A d d i t i o n a l  equipment had t o  be shipped t o  KSC t o  suppor t  
t h e  crew t r a i n i n g  opera t ions .  This  equipment c o n s i s t e d  of t h e  EASE harpoons 
and s p e c i a l  connector ,  and t h e  ACCESS t o o l  boards.  During crew t r a i n i n g ,  t h e  
mission s p e c i a l i s t s  v e r i f i e d  t h e  i n t e r f a c e s  between t h i s  equipment and t h e  
experiments.  Also,  t h e  f o o t  r e s t r a i n t  l o c a t i o n s  and h e i g h t s  were v i s u a l l y  
checked. The crew members then  performed a s h a r p  edge i n s p e c t i o n  of t h e  
payload. Upon completion of t h e  crew o p e r a t i o n s ,  t h e  ACCESS experiment 
c l o s e o u t  was reperformed. 

hardware changes t h a t  they  wanted incorpora ted ,  These changes were documented 
as crew squawks, problem r e p o r t s  s p e c i f i c a l l y  reques ted  by a crew member. I n  
a d d i t i o n  t o  t h e  u s u a l  s i g n a t u r e s  requi red  f o r  c l o s u r e ,  a crew squawk must be 
s igned  by a f l i g h t  crew r e p r e s e n t a t i v e  before  t h e  problem r e p o r t  can be 
closed.  Three major crew squawks concerned t h e  forward f o o t  r e s t r a i n t  
o r i e n t a t i o n ,  t h e  ACCESS node c a n i s t e r  r o t a t i o n ,  and t h e  EASE base c l u s t e r  t op  
p i p  p i n  opera t ion .  Two minor crew squawks inc luded  r e q u e s t s  f o r  markings on 

F o r t u n a t e l y ,  a f t e r  c o o r d i n a t i n g  r e s o u r c e s  scheduled by o t h e r  payloads,  a 

The ACCESS p o r t i o n  of t h e  t r a i n i n g  was 

During t h e  crew t r a i n i n g  exercise, t h e  crew members d iscovered  s e v e r a l  
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t h e  wrenches i n  t h e  ACCESS contingency t o o l  k i t  and f o r  numbers on t h e  node 
c a n i s t e r  buckets.  

r e c o n f i g u r a t i o n ,  as d i scussed  previous ly .  D i f f i c u l t y  i n  r o t a t i n g  t h e  node 
c a n i s t e r  w a s  a g a i n  f lagged .  Extensive t roub le shoo t ing  w a s  performed on t h e  
node c a n i s t e r  hardware i n  o r d e r  t o  o b t a i n  smoother r o t a t i o n .  The s o l u t i o n  w a s  
reached by reducing  t h e  to rque  on t h e  twenty b o l t s  a t t a c h i n g  t h e  shroud t o  t h e  
MPESS, and by l u b r i c a t i n g  t h e  r o l l e r s  on t h e  node c a n i s t e r  caps. The 
r e d u c t i o n  i n  to rque  r equ i r ed  a f i e l d  eng inee r ing  change f o r  approva l ,  s i n c e  i t  
a l t e r e d  t h e  hardware c o n f i g u r a t i o n  from t h a t  i n d i c a t e d  on t h e  i n t e g r a t i o n  
drawing. The problem r e p o r t  on t h e  EASE base c l u s t e r  addressed  s t i f f  
o p e r a t i o n  of t h e  t o p  p i p  p in .  To c o r r e c t  t h i s  problem, t h e  p i p  p i n  ho le  was 
en la rged  t o  drawing s p e c i f i c a t i o n .  
was a l s o  en larged .  Smooth o p e r a t i o n  w a s  ob ta ined  f o r  both p i p  p i n s  a t  t h e  
base c l u s t e r / j e t t i s o n  f i t t i n g .  
numbers reques ted  on t h e  node c a n i s t e r  buckets  were made us ing  a special  pen 
wi th  approved f l i g h t  ink.  F i e l d  engineer ing  changes a l s o  had t o  be genera ted  
f o r  t h e s e  l a s t  two problems. 

The problem wi th  t h e  f o o t  res t ra int  o r i e n t a t i o n  was f i x e d  wi th  hardware 

A t  t h e  same t i m e ,  t h e  bottom p i p  p in  ho le  

The markings r eques t ed  on t h e  wrenches and t h e  

PAYLOAD CLOSEOUT 

A f t e r  a l l  experiment i n s t a l l a t i o n  and t e s t i n g  i s  complete, t h e  payload i s  
Payload c loseou t  o p e r a t i o n s  ready t o  be prepared f o r  t r a n s f e r  t o  t h e  o r b i t e r .  

begin  p r i o r  t o  l e a v i n g  t h e  O&C bu i ld ing  and i n c l u d e  sha rp  edge i n s p e c t i o n s ,  
payload envelope c l ea rance  checks, weight and c e n t e r  of g r a v i t y  measurements, 
c l e a n i n g ,  i n s p e c t i o n ,  and c loseou t  photographs. 

Payload sha rp  edge i n s p e c t i o n  is p a r t i c u l a r l y  important f o r  S h u t t l e  
miss ions  t h a t  have a planned EVA (Ex t raveh icu la r  A c t i v i t y ) .  The ACCESS 
experiment and a s s o c i a t e d  MPE were checked f o r  sha rp  edges immediately 
fo l lowing  i t s  f u n c t i o n a l  test .  Two sha rp  edges were found on t h e  MPE and were 
rounded. ACCESS w a s  t hen  c losed  o u t  f o r  f l i g h t .  A s  s t a t e d  p rev ious ly ,  t h e  
ACCESS c l o s e o u t  had t o  be reperformed a f t e r  t h e  crew t r a i n i n g  s e s s i o n .  A 
s h a r p  edge i n s p e c t i o n  of t h e  e n t i r e  payload was performed dur ing  crew t r a i n i n g  
ope ra t ions .  No a d d i t i o n a l  s h a r p  edges were found on the  payload. Although i t  
i s  no t  r e q u i r e d ,  KSC encourages the f l i g h t  crew t o  perform t h e i r  own payload 
walkdown and s h a r p  edge i n s p e c t i o n  du r ing  t h e  scheduled c loseou t .  

was rece ived  from Marsha l l  t o  i n s t a l l  th i r ty- two logos  on to  t h e  payload. A 
few logos  could not be i n s t a l l e d  due t o  hardware i n t e r f e r e n c e .  

c l e a r a n c e  checks. A computerized o p t i c a l  alignment system is  used t o  
de te rmine  i f  t h e  payload i s  w i t h i n  t h e  o r b i t e r  payload bay dynamic envelope ,  
and t o  ensu re  tha t  t h e  payload w i l l  n o t  i n t e r f e r e  w i t h  t h e  o r b i t e r  and/or  w i t h  
o t h e r  payloads.  During envelope checks f o r  EASE/ACCESS, t h e  outboard h a n d r a i l  
f o r  t h e  t o p  f o o t  r e s t r a i n t  was found t o  be o u t s i d e  t h e  payload envelope by 
f o u r  inches .  A problem r e p o r t  w a s  w r i t t e n  and was r e f e r r e d  t o  t h e  miss ion  
management team f o r  r e s o l u t i o n .  The MPE h a n d r a i l  had t o  be removed from t h e  
carrier t h e  day be fo re  payload t r a n s f e r  t o  t h e  c a n i s t e r  a f t e r  weight and 
c e n t e r  of g r a v i t y  measurements had been performed. 

Payload c l e a n i n g  occur s  j u s t  be fo re  f i n a l  c loseou t  i n spec t ion .  During 
t h i s  f i n a l  i n s p e c t i o n  t h e  payload i s  v e r i f i e d  t o  be c l ean ,  t o  have a l l  non- 
f l i g h t  hardware removed ( u n l e s s  t h e  hardware i s  scheduled t o  be removed l a t e r ,  

J u s t  p r i o r  t o  EASE/ACCESS c loseou t  o p e r a t i o n s ,  a last  minute mod i f i ca t ion  

Another c loseou t  o p e r a t i o n  t h a t  i s  normally scheduled i s  payload envelope 
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i n  t h e  f low) ,  and t o  have no obvious anomalies.  Closeout  photographs,  such as 
t h e  one i n  F igu re  1 4 ,  are  a l s o  t aken  t o  document t h e  payload conf igura t ion .  

The f i n a l  c loseou t  ope ra t ion  performed p r i o r  t o  payload i n s t a l l a t i o n  i n t o  
t h e  c a n i s t e r  i s  normally t h e  payload weight and c e n t e r  of g r a v i t y  
measurements. This  i s  a hazardous o p e r a t i o n ,  due t o  t h e  use  of t h e  f a c i l i t y  
crane.  
each t runnion  rests on a load  ce l l .  These load  ce l l s  are  i n s t a l l e d  on an 
a d j a c e n t  t runn ion  suppor t  f i x t u r e .  
(x and y axes o n l y )  are t h e n  c a l c u l a t e d  by KSC. 
weighed 4364.5 pounds and t h e  c e n t e r  of g r a v i t y  was a t  x=788.49 and y=-5.85 i n  
o r b i t e r  coord ina tes .  These numbers t ake  i n t o  account  t h e  h a n d r a i l  t h a t  was 
removed. 

The e n t i r e  payload i s  l i f t e d  w i t h  t h e  c rane  and is  set  down s o  t h a t  

The payload weight and c e n t e r  of g r a v i t y  
The EASEIACCESS payload 

FIGURE 14 - EASE/ACCESS LEVEL IV  CLOSEOUT 
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ORBITEK OPERATIONS 

A f t e r  t h e  completion of payload c l o s e o u t ,  t he  carrier i s  prepared f o r  
Level I i n t e g r a t i o n .  Level I i n c l u d e s  a l l  payload o p e r a t i o n s  t h a t  involve  t h e  
o r b i t e r  o r  o r b i t e r  s i m u l a t o r s .  The f i r s t  Level I o p e r a t i o n  occurs  i n  t h e  CITE 
s t a n d  i n  t h e  O&C bui ld ing .  The CITE s t a n d  s i m u l a t e s  o r b i t e r  i n t e r f a c e s ,  and 
i n t e r f a c e  v e r i f i c a t i o n  t e s t i n g  i s  u s u a l l y  performed when t h e  payload is  a t  
t h i s  s tand.  The payload i s  a g a i n  secured and then  t r a n s f e r r e d  t o  t h e  o r b i t e r  
a t  e i t h e r  t h e  O r b i t e r  Process ing  F a c i l i t y  (OPF) o r  t h e  pad. I f  any experiment 
t o  o r b i t e r  i n t e r f a c e s  need t o  be v e r i f i e d ,  then  another  payload i n t e r f a c e  
v e r i f i c a t i o n  tes t  is performed, t h i s  t i m e  us ing  t h e  a c t u a l  o . rbi ter .  For 
example, i f  a space c o n s t r u c t i o n  experiment has  sensors  t h a t  w i l l  be 
t r a n s m i t t i n g  d a t a  t o  t h e  ground d u r i n g  t h e  f l i g h t ,  then  t h e  d a t a  s t ream i s  
s e n t  through t h e  a c t u a l  communications loop and v e r i f i e d .  Such a tes t  may 
i n v o l v e  sending t h e  d a t a  from t h e  experiment through t h e  o r b i t e r  ( e i t h e r  a t  
t h e  pad o r  t h e  OPF) t o  t h e  t r a c k i n g  d a t a  r e l a y  s a t e l l i t e ,  t o  White Sands T e s t  
F a c i l i t y ,  t o  Goddard Space F l i g h t  Center ,  t o  Johnson Space Center  and back t o  
Kennedy Space Center.  I n  t h i s  way, t h e  e n t i r e  loop i s  v e r i f i e d .  Since 
EASEIACCESS requi red  no i n t e r f a c e  v e r i f i c a t i o n  t e s t i n g  and had no  e l ec t r i ca l  
i n t e r f a c e s  w i t h  t h e  o r b i t e r  t h a t  needed v e r i f i c a t i o n ,  t h e  payload w a s  
t r a n s f e r r e d  d i r e c t l y  t o  t h e  o r b i t e r  a f t e r  Level I V  c loseout .  

A t  t h e  same t i m e  t h a t  t h e  payload i s  being processed i n  t h e  O&C b u i l d i n g ,  
t h e  Space S h u t t l e  i s  being prepared f o r  f l i g h t  i n  t h e  OPF. A f t e r  t h e  o r b i t e r  
i s  ready and any payloads t h a t  must be i n s t a l l e d  h o r i z o n t a l l y  are i n  place, 
t h e  v e h i c l e  i s  r o l l e d  o u t  t o  t h e  Vehicle Assembly Building (VAB). I n  t h i s  
f a c i l i t y ,  t h e  two s o l i d  rocke t  boos te rs  are mated t o  t h e  e x t e r n a l  tank. When 
t h e  o r b i t e r  a r r i v e s ,  a s p e c i a l  handl ing f i x t u r e  is a t t a c h e d  t o  i t ,  and t h e  
o r b i t e r  i s  r o t a t e d  from t h e  h o r i z o n t a l  t o  t h e  v e r t i c a l  p o s i t i o n ,  as shown i n  
F igure  15. The v e h i c l e  i s  then mated t o  t h e  e x t e r n a l  tank. The e n t i r e  Space 
S h u t t l e  i s  then  r o l l e d  o u t  t o  t h e  pad aboard t h e  mobile launcher  platform.  
Once t h e  S h u t t l e  a r r i v e s  a t  t h e  pad, i t  is  ready t o  r e c e i v e  any remaining 
payloads.  

Payloads are t r a n s p o r t e d  from t h e  O&C b u i l d i n g  t o  t h e  o r b i t e r  i n  t h e  
environmental ly  c o n t r o l l e d  payload c a n i s t e r .  Most h o r i z o n t a l  payloads are 
i n s t a l l e d  i n t o  t h e  o r b i t e r  i n  t h e  OPF. The OPF i s  t h e  f a c i l i t y  where o r b i t e r  
re furb ishments  and f l i g h t  p r e p a r a t i o n s  occur.  Some h o r i z o n t a l  payloads and 
a l l  v e r t i c a l  payloads are i n s t a l l e d  i n t o  the  o r b i t e r  a t  t h e  launch pad. 
Reference F igure  7 f o r  t h e  complete h o r i z o n t a l  payload process ing  flow. 

w a s  f i r s t  i n s t a l l e d  i n t o  t h e  c a n i s t e r  i n  t h e  O&C b u i l d i n g ,  w i t h  t h e  c a n i s t e r  
i n  a h o r i z o n t a l  p o s i t i o n ,  as shown i n  Figure 16. The f a c i l i t y  crane w a s  used 
f o r  t h i s  hazardous opera t ion .  The c a n i s t e r  then  t r a v e l e d  t o  t h e  VAB and w a s  
r o t a t e d  t o  t h e  v e r t i c a l  p o s i t i o n ,  as shown i n  F i g u r e  17.1. I n  t h i s  v e r t i c a l  
p o s i t i o n ,  t h e  c a n i s t e r  t r a v e l e d  t o  t h e  Vertical Process ing  F a c i l i t y  (VPF) i n  
o r d e r  t o  p ick  up t h e  t h r e e  s a t e l l i t e s  t h a t  were flown on t h e  same mission. I n  
F i g u r e  17.2 t h e  mission 61-B payloads are shown i n  t h e  c a n i s t e r  a t  t h e  VPF. 
The VPF is  similar t o  t h e  O&C b u i l d i n g  i n  t h a t  both are t h e  s i tes  of S h u t t l e  
payload processing.  The VPF, however, on ly  accomodates v e r t i c a l  payloads;  
whereas,  t h e  O&C low bay only accommodates h o r i z o n t a l  payloads.  Following 
t r a n s f e r  of t h e  t h r e e  s a t e l l i t e s  from t h e  VPF i n t o  t h e  c a n i s t e r ,  t h e  c a n i s t e r  
t r a v e l e d  t o  t h e  pad. 

payload changeout room us ing  a s p e c i a l  handl ing mechanism. Payload c a n i s t e r  

The EASEIACCESS h o r i z o n t a l  payload w a s  i n s t a l l e d  a t  t h e  pad. EASEIACCESS 

Once a t  t h e  pad, t h e  payloads were t r a n s f e r r e d  from t h e  c a n i s t e r  i n t o  t h e  
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FIGURE 15 -ORBITER MATING WITH EXTERNAL TANK AND SOLID ROCKET BOOSTERS 
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i n s t a l l a t i o n  a t  t h e  pad i s  shown i n  F igure  18. 
t r a n s f e r r e d  i n t o  t h e  changeout room, t h e  EASEIACCESS MPESS r e q u i r e d  l i g h t  
c leaning .  
w a s  then  r o t a t e d  t o  t h e  o r b i t e r ,  and t h e  payloads were i n s t a l l e d  i n t o  t h e  
payload bay. 
by v e r i f y i n g  t h e  e l ec t r i ca l  bonding between t h e  MPESS and t h e  o r b i t e r .  J u s t  
p r i o r  t o  t h e  c l o s i n g  of t h e  payload bay doors ,  EASEIACCESS was i n s p e c t e d  f o r  

After t h e  payloads were 

The r o t a t i n g  s e r v i c e  s t r u c t u r e ,  which houses t h e  changeout room, 

Lockheed f u l f i l l e d  t h e  one payload-generated o r b i t e r  requiremen 

FIGURE 18 -PAYLOAD CANISTER INSTALLATION AT THE PAD 
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anomalies and f i n a l  pad c l o s e o u t  photos were taken. Figure 19 is one of t h e  
pad c l o s e o u t  photos. 

I n  a d d i t i o n  t o  payload hands-on o p e r a t i o n s ,  s e v e r a l  r e a d i n e s s  reviews are 
conducted a t  KSC p r i o r  t o  launch. The f i r s t  of t h e s e  i s  t h e  Payload Readiness 
Review. The purpose of t h i s  review is  t o  v e r i f y  t h e  readiness  of t h e  payloads 
f o r  i n t e g r a t i o n  w i t h  t h e  o r b i t e r  and t o  v e r i f y  t h e  readiness  of t h e  o r b i t e r  
f o r  payload i n s t a l l a t i o n .  For t h e  STS-61B mission,  t h e  Payload Readiness 
Review was conducted t h e  day before  t h e  payload was i n s t a l l e d  i n t o  t h e  
c a n i s t e r .  The next  scheduled review is t h e  Launch Readiness Review. This  
review v e r i f i e s  t h e  r e a d i n e s s  of t h e  S h u t t l e ,  t h e  payload, and a l l  launch and 
landing  suppor t  systems. All tes t  anomalies and unsolved problems are 

FIGURE 19 - EASE/ACCESS PAD CLOSEOUT 
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d i s c u s s e d  a t  t h i s  meeting. 
which v e r i f i e s  t h e  r e a d i n e s s  of t h e  e n t i r e  STS system and a l l  o p e r a t i o n a l  
p l ans  and procedures.  
i n  F igu re  20. 

The f i n a l  review is  t h e  F l i g h t  Readiness Review, 

Mission 61-B l aunch ,  which w a s  a n i g h t  launch ,  i s  shown 

FIGURE 20 - MISSION 61-B LAUNCH 
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POSTFLIGHT 

A f t e r  t h e  mission,  t h e  o r b i t e r  l a n d s  a t  e i t h e r  KSC o r  Dryden F l i g h t  
Research F a c i l i t y .  Mission 61B landed a t  Dryden. Normally, t h e r e  i s  no 
access  t o  t h e  payload bay w h i l e  t h e  o r b i t e r  i s  a t  Dryden. I f  dur ing  i n i t i a l  
formula t ion  of t h e  G I R D  and LSSP, however, i t  i s  agreed upon t h a t  hardware 
i n s i d e  t h e  payload bay i s  t i m e - c r i t i c a l  and must be removed a t  Dryden, then  
s p e c i a l  arrangements can be made f o r  NASA/Boeing personnel  t o  e n t e r  t h e  
payload bay a t  Dryden and remove t h e  t ime-crit ical  items. A l l  p l a n s  must be 
made w e l l  i n  advance and must be agreed t o  by KSC. S ince  t h e  payload bay 
doors  cannot be opened a t  Dryden, t h i s  a c t i v i t y  r e q u i r e s  KSC personnel  t o  
e n t e r  through t h e  crew compartment and t r a v e r s e  ou t  t h e  a i r l o c k  i n t o  t h e  
bay. 
t h i s  a c t i v i t y .  Non-flight l i g h t s  and a i r  cool ing  hoses a l s o  need t o  be routed 
i n t o  t h e  payload bay. Because of t h e  complexity involved and t h e  s h o r t  t i m e  
i t  t a k e s  t h e  o r b i t e r  t o  r e t u r n  t o  KSC aboard t h e  S h u t t l e  carrier a i r c r a f t  
(approximately 1 week), hardware removal a t  Dryden is  avoided whenever 
p o s s i b l e .  I n  any c a s e ,  whether a t  Dryden o r  a t  KSC, experiment hardware i s  
always removed by KSC personnel .  The o r b i t e r  i s  shown landing a t  KSC i n  
Figure 21 and i s  being f e r r i e d  back t o  KSC i n  F igure  22. 

I f  t h e  o r b i t e r  l a n d s  a t  KSC,  none of t h e  above opera t ions  are requi red .  
Entry i n t o  the  payload bay i s  a v a i l a b l e  w i t h i n  48 hours  a f t e r  landing. For 
payloads t h a t  are n o t  t ime-cr i t ical ,  such as EASE/ACCESS, the e n t i r e  carrier 
i s  removed from t h e  payload bay a f t e r  t h e  o r b i t e r  i s  re turned  t o  t h e  OPF. The 
car r ie r  i s  placed i n  t h e  payload c a n i s t e r  and t r a n s p o r t e d  t o  t h e  O&C b u i l d i n g  
where i t  i s  i n s t a l l e d  i n  a Level I V  s tand .  The i n d i v i d u a l  experiments are 
then  d e i n t e g r a t e d  from t h e  MPESS and re turned  t o  t h e  payload mission 
manager. I f  t i m e - c r i t i c a l  i t e m s  need t o  be removed in t h e  OPF before  t h e  
MPESS i s  r e t u r n e d  t o  t h e  O&C,  access i s  a v a i l a b l e .  A l l  spec ia l  requirements ,  
however, such a s  f o r  e a r l y  removal of experiment hardware, must be s t a t e d  i n  
t h e  G I R D  and must be agreed t o  i n  t h e  LSSP. 

t h r e e  days. 
D e i n t e g r a t i o n  of a l l  MPE hardware ( i n c l u d i n g  t h e  f o o t  r e s t r a i n t s )  took 
approximately one week. A f t e r  t h e  experiments  were removed by NASAIBoeing 
personnel ,  t h e  items were o f f i c i a l l y  turned over  t o  t h e  mission manager and 
then  shipped from KSC t o  t h e  experimenters .  
d e i n t e g r a t e d ,  i t  w a s  tu rned  over  t o  t h e  mission manager. The f o o t  r e s t r a i n t s  
were then  shipped t o  Johnson and t h e  remaining MPE hardware w a s  shipped t o  
Marshal l .  
an o f f l i n e  l a b  i n  t h e  O&C bui ld ing .  

nonconformance i t e m s  are c o r r e c t e d .  
p a i n t  had chipped o f f  i n  c e r t a i n  areas of t h e  I4PESS and excess  epoxy r e s i d u e ,  
used f o r  s e c u r i n g  b o l t s ,  remained a f t e r  t h e  experiment and MPE hardware had 
been removed. A problem r e p o r t  w a s  w r i t t e n ,  t h e  r e s i d u e  w a s  removed, t h e  
p a i n t  was touched-up, and t h e  MPESS w a s  brought back t o  f l i g h t  
conf igura t ion .  
payload i s  ready t o  be i n s t a l l e d  onto it .  
t h e  Level I V  s t a n d ,  and t h e  i n t e g r a t i o n  process  begins a g a i n  w i t h  t h e  
i n s t a l l a t i o n  of t h e  MPE and experiment hardware. 

S p e c i a l  l a d d e r s  and p la t forms  need t o  be f a b r i c a t e d  and i n s t a l l e d  f o r  

Dein tegra t ion  of t h e  EASE and ACCESS experiments  w a s  accomplished i n  
A l l  hardware removal was performed p e r  t es t  p r e p a r a t i o n  s h e e t .  

A f t e r  t h e  MPE hardware was 

A f t e r  a l l  payload hardware had been removed, t h e  MPESS was moved t o  

A t  t h i s  p o i n t  i n  t h e  f low,  t h e  carr ier  i s  i n s p e c t e d  and a l l  
For t h e  EASE/ACCESS mission car r ie r ,  

The MPESS now remains i n  t h e  o f f l i n e  l a b  u n t i l  t h e  next  
A t  t h a t  t i m e ,  t h e  MPESS i s  moved t o  
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FIGURE 21 -SHUTTLE ORBITER LANDS A T  KSC 

FIGURE 22 -SHUTTLE ORBITER IS FERRIED BACK TO KSC FROM DRYDEN 
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CONCLUSION 

The process ing  of EASE/ACCESS can s e r v e  as a good example f o r  f u t u r e  
space c o n s t r u c t i o n  experiments.  Ground p rocess ing  and i n s t a l l a t i o n  i n t o  t h e  
o r b i t e r  f o r  a l l  such payloads are performed a t  KSC. The experiments a r r i v e  
s e p a r a t e l y  and are i n t e g r a t e d  o n t o  t h e  c a r r i e r  and i n t o  t h e  S h u t t l e .  A l l  
i n t e r f a c e s  are v e r i f i e d  a t  t h e  launch s i te .  The process ing  flow i s  
s t a n d a r d i z e d ,  y e t  f l e x i b l e  enough t o  accommodate i n d i v i d u a l  payload 
requi rements ,  as w a s  demonstrated by EASE/ACCESS i n t e g r a t i o n .  Minor problems 
can ar ise ,  however, du r ing  i n t e g r a t i o n .  Recommendations f o r  i n v e s t i g a t o r s  are 
d e t a i l e d  i n  F igu re  23. I n v e s t i g a t o r s  can dec rease  t h e  l i k e l i h o o d  t h a t  common 
problems occur by ensu r ing  t h a t  a l l  p rocess ing  requirements are c l e a r l y  
documented i n  t h e  GIRD, by v e r i f y i n g  t h a t  t h e i r  experiments are completely 
b u i l t  and thoroughly t e s t e d  p r i o r  t o  shipment,  by c a r e f u l l y  reviewing a l l  
i n t e g r a t i o n  drawings and checking t o  see t h a t  every  i t e m  t o  be i n s t a l l e d  i s  
inc luded ,  by submi t t ing  d e t a i l e d  procedure i n p u t s  t o  KSC f o r  every  planned 
o p e r a t i o n ,  by suppor t ing  any scheduled o p e r a t i o n  on an  as-needed b a s i s ,  by 
d e l i v e r i n g  t h e  hardware on schedule ,  and by f u l l y  informing KSC about t h e  
exac t  s t a t u s  of t h e  hardware a t  de l ive ry .  With t h e  o p p o r t u n i t i e s  f o r  working 
i n  space i n c r e a s i n g ,  many more types  of payloads w i l l  be flown aboard t h e  
Space S h u t t l e .  
payload p r e p a r a t i o n  f o r  f l i g h t  can be a smooth and va luab le  s t e p  t o  reaching 
o r b i t  and ensu r ing  miss ion  success .  

By p lanning  ahead and working t o g e t h e r  w i t h  KSC pe r sonne l ,  
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STATE (IN GIRD) ALL  EXPERIMENT REQUIREMENTS (E.G., 
INSTALLATION, TESTING, MAINTENANCE, CALIBRATION). 

STATE (IN GIRD) ALL  KSC RESOURCES REQUIRED (E.G., 
OFFLINE LAB, SPECIAL HANDLING DEVICES, FLUIDS, GASES, 
PO WE R). 

COMPLETE EXPERIMENT FABRICATION, THO RD UG H LY TEST 
EXPERIMENT, AND OBTAIN ALL BASELINE DATA PRIOR TO 
SHIPMENT. 

PROVIDE WRITTEN PROCEDURES TO KSC ENGINEERS. 

STATE I N  THE DELIVERABLE ITEMS LIST ALL ITEMS TO BE 
SHIPPED TO KSC. 

DELIVER ALL EXPERIMENT HARDWARE ACCORDING TO THE 
AGREED-UPON SCHEDULE. 

PROVIDE COMPLETE DATA PACKAGE TO KSC AT TIME OF 
HARDWARE DELIVERY. 

CAREFULLY REVIEW INTEGRATION DRAWINGS AND KSC 
PRO CE 0 U RES. 

ADDRESS ANY DISCREPANCIES RESULTING FROM PAYLOAD 
REVIEWS. 

PARTICIPATE I N  PAYLOAD MEETINGS. 

SUPPORT KSC OPERATIONS AS REQUIRED. 

ENSURE THAT ALL EXPERIMENT HANOLING EQUIPMENT IS 
PROOFLOADED TO KSC SPECIFICATIONS AND THAT ALL OTHER 

WARE ARRIVAL AT  KSC. 
SAFETY REQUIREMENTS HAVE BEEN MET PRIOR TO HARD- 

DURING EXPERIMENT DESIGN PHASE, CONSIDER ONE-G 
ACTIVITIES TO BE PERFORMED AT KSC, AS WELL AS ZERO-G 
ACTIVITIES I N  FLIGHT. 

FIGURE 23 - RECOMMENDATIONS FOR INVESTIGATORS 
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